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Subclavian vein obstruction without thrombosis
Richard J. Sanders, MD,a and Sharon L. Hammond, MD,a,b Denver, Colo
Background:Unilateral arm swelling caused by subclavian vein obstruction without thrombosis is an uncommon form of
venous thoracic outlet syndrome (TOS). In 87 patients with venous TOS, only 21 patients had no thrombosis. We
describe the diagnosis and treatment of these patients.
Material and Methods: Twenty-one patients with arm swelling, cyanosis, and venograms demonstrating partial subclavian
vein obstruction were treated with transaxillary first rib resection and venolysis.
Results: Eighteen (86%) of 21 patients had good-to-excellent improvement of symptoms. There were two failures (9%).
Conclusions: Unilateral arm swelling without thrombosis, when not caused by lymphatic obstruction, may be due to
subclavian vein compression at the costoclavicular ligament because of compression either by that ligament or the
subclavius tendon most often because of congenital close proximity of the vein to the ligament. Arm symptoms of
neurogenic TOS, pain, and paresthesia often accompany venous TOS while neck pain and headache, other common
symptoms of neurogenic TOS, are infrequent. Diagnosis was made by dynamic venography. First rib resection, which
included the anterior portion of rib and cartilage plus division of the costoclavicular ligament and subclavius tendon,
proved to be effective treatment. (J Vasc Surg 2005;41:285-90.)Unilateral arm swelling without thrombosis is uncom-
mon, and few papers have addressed this condition. The
last article on this subject that we could find was published
in 1973.1 Axillo-subclavian vein thrombosis is seen more
often than nonthrombotic obstruction. Among some 87
patients operated on for venous thoracic outlet syndrome
(TOS) in past 15 years, 66 had subclavian vein thrombosis,
whereas only 21 had obstruction without thrombosis. Here
we report our experiences with TOS and conclusions de-
rived from managing this condition.
MATERIAL AND METHODS
Between 1989 and 2003, 21 patients (8 men, 13
women) were operated on for subclavian vein obstruction
without thrombosis. The right side was involved in 15
patients; the left side in 6. Ages ranged from 20 to 49 years
(median, 38 years). No patient had a history of previous
axillosubclavian vein thrombosis.
Diagnosis. The diagnosis was suggested by symptoms
of unilateral arm swelling in all patients but one. The
patient without swelling had severe cyanosis and complete
subclavian vein occlusion with the arm abducted to 90
degrees. The onset was usually gradual. Cyanosis and arm
pain were the other common symptoms present in half of
the patients. Sixteen of 21 patients also noted hand pares-
thesia, neck pain, occipital headache, or a combination of
these symptoms that suggested neurogenic TOS.
Dynamic venography was the only objective diagnostic
test in which contrast material was injected into the arm,
preferably into the basilic rather than the cephalic venous
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with the arm at the side, one with the arm abducted to 90
degrees; and one with the arm at 180 degrees. Cine angiog-
raphy using subtraction technique was used. In nine pa-
tients, the asymptomatic arm was also injected and filmed.
Indications for surgery. Moderate-to-severe swelling
and discomfort were the primary indications for surgery in
12 (57%) of 21 patients; neurogenic symptoms of neck
pain, occipital headaches, and hand paresthesia plus mild-
to-moderate swelling were the primary indications in the
other 9 (43%). Before surgery all patients received physical
therapy directed to their symptoms of neurogenic TOS.
Therapy lasted at least 3 months and included different
methods, depending on the referral source.
Three patients with mild swelling and cyanosis were
excluded from the study because dynamic venography
failed to demonstrate 50% stenosis. One of these patients
had axillary vein stenosis; the other two had neurogenic
TOS. The degree of stenosis was calculated by comparing
the diameter of the narrowest lumen in the subclavian vein
with the most normal looking subclavian vein proximal to
the stenosis.
Clinical features. From the patient history, cyanosis
was recorded as present or absent, and pain was graded as
mild, moderate, or severe. Swelling was measured in the
symptomatic upper arm at the point of largest diameter. The
area was marked, and the distance of this point to the acro-
mion process measured. This distance was then measured on
the asymptomatic arm to obtain the comparable diameter.
Operative technique. Transaxillary first rib resection
was the treatment of choice by using a technique previously
described.2 First rib resection for venous compression re-
quired additional steps after the rib had been removed, how-
ever. The anterior end of the rib, including the costal cartilage
and, in some cases, several millimeters of the sternum, were
excised to totally free the subclavian-innominate vein junc-
tion. In this dissection, the costoclavicular ligament and sub-
clavius tendon were identified and divided.
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charged on the second postoperative day. They were seen
by a physical therapist and instructed on a home program of
neck stretching and wall climbing exercises. Patients with
residual pain beyond 4 weeks were prescribed additional
physical therapy.
Outcome. Follow-up information was obtained by of-
fice examination in five patients and by telephone interview
in the others. Edema was classified as moderate-to-severe
for an increase in upper arm diameter 2 cm, mild for an
increase of 1 to 2 cm, and minimal for an increase 1 cm.
TOS symptoms were classified as moderate when they were
the primary cause of disability and as mild when the pain or
aching from edema, rather than the paresthesia and neck
pain, were the predominate symptoms. Postoperatively,
TOS symptomatic improvement is defined in Table I.
RESULTS
Etiology. Table II lists the probable causes observed
in the 21 patients. The two most common were competi-
tive sports, such as swimming and baseball that involve
repetitive overhead arm movements, and repetitive stress
injury at work. Four of the five patients in whom repetitive
stress was the probable cause had occupations requiring
repetitive use of the arm rather than a keyboard. In the four
patients who had previously undergone surgical decom-
pression for neurogenic TOS (scalenectomy in one patient,
transaxillary first rib resection in one patient, and supracla-
vicular first rib resection in two patients), the vein was
adherent to the anterior first rib or its remnant. Movements
of the arm caused the vein to flatten or kink, resulting in
partial obstruction.
Surgical observations. In most patients, the com-
pressing structure against the subclavian vein was either the
costoclavicular ligament or the subclavius tendon. These
two structures usually appeared normal, but occasionally
the costoclavicular ligament was quite large. The most
significant observation during the transaxillary first rib re-
section was that the position of the subclavian vein was
invariably against the costoclavicular ligament. There was
no space between ligament and vein as we have noted in
patients with neurogenic TOS without arm swelling. In
one patient, a pre-venous phrenic nerve was found to be
compressing the subclavian vein. It was treated by dividing
the subclavian vein, placing the nerve behind the vein
where it usually runs, and anastomosing the divided ends of
vein anterior to the nerve. In another patient, the anterior
end of an anomalous first rib compressed the vein.
Symptoms. The duration of symptoms was 2 months
to 10 years (median, 3.5 years) and included:
● Swelling: all but one patient had upper arm swelling.
In 57% it was 2 cm in the involved upper arm than
the asymptomatic arm; in 38% it was 1 to 2 cm larger
(Table III).
● Cyanosis: intermittent blueness over the hand, arm,
and often the upper chest wall was a common symp-
tom, although this was seldom significant enough tobe a major complaint. This cyanosis was different than
the color changes that are frequently seen in neuro-
genic TOS and are associated with increased sympa-
thetic activity. The color changes in neurogenic TOS
are rubor, pallor, and some cyanosis and are usually
limited to the hand.
● Arm pain: 14 patients (58%) complained of moderate-
to-severe arm pain, 7 (29%) had mild pain, and only 3
patients (13%) had no pain.
● Paresthesia: in half the patients (54%), paresthesia was
mild or absent and a significant symptom in the other
half (46%).
● Neck pain and occipital headache: 21% and 17% had
significant neck pain and occipital headaches.
Venography. A positive venogram showing partial
(50%) or complete subclavian vein compression with the
arm elevated was noted in 19 of 21 patients in whom
injection in the 180-degree position was performed. In one
patient, abduction to 180 degrees and extending the arm
forward in a throwing position was necessary to demon-
strate venous compression. Venous compression was not
demonstrated in two patients with previous supraclavicular
first rib resections. No venogram was performed in one
patient, as neurogenic symptoms were the indication for
surgery; in the other, recurrent neurogenic symptoms were
accompanied by mild intermittent subclavian vein obstruc-
tion 50%.
Films were available for review in 20 of 21 patients.
Films in all three positions were not available in two pa-
tients (Table IV). With the arm at the patient’s side, venog-
raphy was normal in 14 patients (70%) and 50% to 80%
stenosis was noted in 6 (30%). None of these six patients
had an intrinsic lesion. At 90-degree abduction, only 6
(31%) of 19 venograms were normal, whereas stenosis of
50% to 80% was seen in 6 (48%) and occlusion of 90% to
100% was noted in 4 (21%). At 180-degree abduction, 1
patient (6%) demonstrated no stenosis, whereas 50% to 80%
stenosis was seen in 11 (61%) and 90% to 100% in 6 (33%).
In one patient, with the arm at 180-degree abduction, the
arm was placed forward in a throwing position, which
demonstrated 50% stenosis in what had been a normal
venogram.
Postoperative venography was obtained in eight pa-
tients. In six patients, this was normal at 180-degree abduc-
tion where it had been 50% to 90% occluded preoperatively.
In the patient with the pre-venous phrenic nerve, stenosis
was reduced from 80% to 50% postoperatively. In the
eighth patient, there was no change in the preoperative 70%
stenosis. This was one of the two patients who failed. (The
reason for only eight postoperative venograms is that this
was not a part of the protocol until later in the study.)
Venography of the contralateral side was performed in
nine patients. At 180-degree abduction, it was normal in
seven (78%) and showed 50% stenosis in two (22%).
Complications. Temporary phrenic nerve paresis
lasted for a few months in two patients, but both recovered
completely. There were no brachial plexus injuries nor any
JOURNAL OF VASCULAR SURGERY
Volume 41, Number 2 Sanders et al 287bleeding that required transfusions, although chest tubes
were inserted in two patients—one for pleural fluid where
100 ml of lymph drained and one for hemothorax where
1,200ml drained. The pleura were opened in 9 (43%) of 21
patients. In these patients, the anesthesiologist maintained
the patient in positive end-expiratory pressure (PEEP) dur-
ing closure. This pushed the trapped air out of the chest,
thereby avoiding pneumothorax in all but one patient in
whom postoperative pneumothorax required needle aspi-
ration of 600 ml of air.
Improvement in symptoms. Follow up was 2 to 8
years (median, 3.5 years) in 14 patients, 1 to 2 years in 4,
and 1 year in 3 patients. The postoperative reduction in
swelling and TOS symptoms is presented in Table I. One
patient was asymptomatic for 1.5 years postoperatively
when mild symptoms of intermittent paresthesia and ach-
ing, but no swelling, developed in her hand. She is still
classified as a good result. Her recurrent mild symptoms are
probably due to scalene muscle adherence and scarring to
the brachial plexus.
DISCUSSION
Nonthrombotic subclavian vein obstruction, present-





Preop 12 (57%) 8 (38%) 0 1 (5%)
Postop 1 (5%) 3 (14%) 3 (14%) 14 (67%)
Neurogenic thoracic outlet syndrome symptoms
Moderate‡ Mild§ Minimal¶ None#
Preop 12 (57%) 9 (43%) 0 0
Postop 1 (5%) 4 (19%) 4 (19%) 12 (57%)
*Preop this was 2 cm.
†Preop this was 1-2 cm.
‡Postop, no significant improvement.
§Postop improvement of 50%.
¶Postop improvement of 50%-85%.
#Postop improvement of 90%-100%.
Table II. Probable causes in 21 patients
Competitive swimmers 2
Baseball pitchers 3
Postop adherence of vein to first rib 4
Scalenectomy 1
Transaxillary first rib resection 1
Supraclavicular first rib resection 2
Repetitive stress injury 5
Exostosis of first rib 1
Fractured clavicle 1
Pre-venous (anterior) phrenic nerve 1
Work injury 1
Auto accident 1
Spontaneous 2ing with intermittent arm swelling and cyanosis, was firstreported in 1939.3 Single-exposure venography revealed
narrowing of the subclavian vein where it crossed the first
rib. Scalenotomy relieved all symptoms.
In 1951, five more instances were reported and treated
through a combined supra- and infraclavicular incision. In
three of these five patients, the subclavius muscle was
observed to compress the vein. In one patient, just the
subclavius tendon was excised, whereas in the other four,
both subclavius and anterior scalene muscles were divided.4
In 1968, eight more instances of venous obstruction
were reported in which each patient associated the onset of
symptoms with activities involving hyperabduction of the
arm or shoulders.5 All patients complained of arm pain,
swelling, and rubor. Six patients also had paresthesia. Three
patients were treated with scalenotomy, but all three failed
to improve. Claviculectomy gave good results in two pa-
tients; first rib resection was successful in one patient but
failed in the other. The authors noted varying pathology.
It was not until 1973 that routine use of transaxillary
first rib resection was described for this condition. In six
patients, four received transaxillary rib resection, one re-
ceived claviculectomy (for a fractured clavicle), and the
sixth received a scalenotomy. All six patients enjoyed good
improvement of symptoms. Cine venography was used for
more accurate diagnoses. Although the precise cause of
venous compression was usually not obvious, the first rib
was the common denominator to most causes. The authors
concluded that thrombosis would eventually occur as a
result of prolonged venous compression, causing vein wall
irritation, injury, and fibrosis. Therefore, prolonged con-
servative treatment should be avoided and surgical correc-
tion aggressively pursued to avoid thrombosis.1
As noted in the Adams et al study,5 the present study
confirmed that patients with venous obstruction often have
accompanying symptoms of neurogenic TOS. Complete
reduction of arm swelling was achieved in 67% of the
patients and reduced in all but one of the remaining pa-




1-2 cm 8 38








No. % No. % No. %
Arm pain 3 14 12 57 6 29
Paresthesia 5 24 7 33 9 43
Neck pain 9 43 8 38 4 19
Occipital headache 11 53 7 33 3 14tients. TOS symptoms were reduced significantly in 20 of
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tation of this study is that postoperative arm measurements
were usually not obtained because most of these patients
lived out of state, and follow-up was possible by telephone
only. Nevertheless, we found phone interviews to be a
reliable way to evaluate these patients.
The term venous thoracic outlet syndrome (venous TOS)
includes both thrombotic and nonthrombotic subclavian
vein compression. Extrinsic compression of the vein is the
cause of both conditions. From observations during sur-
gery, the etiology of extrinsic subclavian vein stenosis in
most patients appears to be a tight passageway at the point
where the subclavian vein descends into the mediastinum
close to the costoclavicular ligament and under the subcla-
vius tendon (Fig). This was the compression point in the
almost all of our patients. Although large anterior scalene
muscles and prominent exostoses have been observed in
several of these patients,6 they are probably not the cause of
venous compression.
Extrinsic venous compression is congenital and proba-
bly occurs in many people who never develop symptoms.
This is suggested by the 20% of normal controls whose
venograms have demonstrated some degree of subclavian
vein compression with dynamic positioning.7 Excessive use
of the arm for various activities, such as swimming or
throwing, is well known as a cause of subclavian vein
thrombosis (“effort” thrombosis). Because this was the
history in five of our patients (21%) it was reasonable to
assume that repeated traumata to the vein wall by rubbing
against one of the ligaments led to subclavian vein intimal
thickening. This in turn caused venous stenosis, which can
eventually lead to thrombosis. Indeed, this is probably the
scenario that leads to effort thrombosis in athletes.
In the absence of such excessive arm activities, people
born with a tight costoclavicular space usually remain
asymptomatic throughout life. On the other hand, careful
history of patients with effort thrombosis often discloses
that mild symptoms of swelling and cyanosis were fre-
quently present for several months prior to the onset of
massive swelling and pain—the beginning of thrombosis.
Had the early symptoms been investigated, treatment of
the compression in the nonthrombotic stage might have
Table IV. Venograms in 20 patients
Degree
stenosis (%)
Rest 90 deg 180 deg
No. % No. % No. %
0-49 14 70 6 31 1 6
50-69 3 15 6 31 8 44
70-80 3 15 3 17 3 17
90-100 0 0 4 21 6 33
Totals 20* 100 19† 100 18‡ 100
*In one patient with swelling, a venogram was not performed.
†In one patient, filming at 90 degrees and 180 degrees was not performed.
‡In one patient with occlusion at 90 degrees, filming at 180 degrees was not
performed.avoided the more extensive sequelae and treatment.A separate etiology was previous surgery for neurogenic
TOS. This occurred after scalenectomy without rib resec-
tion and also after first rib resection by either transaxillary or
supraclavicular routes. Postoperative scarring around the
subclavian vein had resulted in adherence of the vein to the
rib or to the anterior stump, causing partial obstruction that
was relieved by transaxillary resection of the rib or anterior
stump. This is an uncommon complication after any of
these approaches.
In the absence of thrombosis, it is often the associated
symptoms of pain and paresthesia in the arm that bring
patients to seek medical attention. Patients with arm swell-
ing, venous TOS, and neurogenic symptoms are different
than most patients with neurogenic TOS. A history of neck
trauma is present in over 80% of neurogenic TOS patients,
with motor vehicle accidents accounting for over 50%.8 In
contrast, in this study of patients with arm swelling, in only
one patient (5%) did symptoms begin after an auto acci-
dent. Other evidence that supports this difference is the
small number of patients with neck pain and headache as
major symptoms. In neurogenic TOS patients, 80% to 85%
have neck pain and occipital headache,9 whereas in venous
TOS patients, these symptoms were significant in 20%.
This supports the view that the etiology of venous TOS is
more related to arm and shoulder trauma compared with
neurogenic TOS, which is related to neck trauma.
Unilateral arm swelling is usually due to either lym-
phatic or venous obstruction. When accompanied by cya-
nosis, the diagnosis of axillary or subclavian vein obstruc-
tion is not difficult. The initial question, whether
thrombosis exists, is something that can easily be deter-
mined by venography. When the vein is patent, dynamic
positioning can demonstrate the presence of stenosis. This
occurred in 94% of the patients in this study. The patient
who failed to demonstrate significant stenosis did show
significant narrowing when the arm was in a throwing
Anatomy of the costoclavicular space. The subclavian vein can
easily contact the costoclavicular ligament, subclavius muscle, clav-
icle, first rib, or anterior scalene muscle. (Reprinted with permis-
sion from Sanders RJ, Haug CE. Thoracic outlet syndrome: a
common sequela of neck injuries. Philadelphia: JB Lippincott;
1991. p. 236.)position.
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scanning is fairly reliable in diagnosing subclavian vein
thrombosis but is less reliable in detecting and quantifying
stenosis in dynamic positions. The overlying clavicle often
makes accurate positioning of the duplex probe difficult,
and in some patients, the clavicle prevents visualization of
the critical area of the subclavian vein near the costoclavic-
ular junction where most of the stenoses occur. Further, it
can be misleading because it may be hard to distinguish
large collaterals from a major vein. Duplex scanning of the
subclavian vein has been noted to have low sensitivity and
specificity.10,11
Venography with the arm at the patient’s side was
normal in 70% of these patients. With dynamic positioning,
50% stenosis to total occlusion was demonstrated in all but
one patient.
Venography of the asymptomatic arm revealed seven
(78%) of nine patients had normal venograms at 180 de-
grees, and 22% demonstrated 50% stenosis. This is much
lower than the incidence of stenosis on the contralateral
side of patients with subclavian vein thrombosis (50%).12
This could be due to the small sample size (nine patients);
or it could be that nonthrombotic subclavian vein compres-
sion is a slightly different entity than the thrombotic form.
The technic of venography is important. Real-time
imaging with rapid filming and digital subtraction has
become the state of the art. A single view with standard
radiography often fails to provide an accurate assessment of
the location, extent, and degree of stenosis.
Although neurogenic TOS can be treated with supra-
clavicular or transaxillary approaches, we believe total ve-
nous decompression cannot be achieved with the supracla-
vicular approach. The underlying venous pathology is not
in the scalene muscles; it is at or near the costoclavicular
ligament. Only rarely can this area be visualized from above
the clavicle.
The role of the first rib in causing venous obstruction is
difficult to assess. In only one patient in this series was an
abnormal first rib found, and this was the obvious pathol-
ogy. In the other patients, close proximity to the costocla-
vicular ligament, subclavius tendon, or both, was observed.
It is possible that the inner edge of the first rib was also
pressing against the subclavian vein at the point where the
two structures were adjacent to each other. However, this
was not observed, perhaps because this area is poorly visu-
alized with the rib in place. The reason for removing the
first rib is that it might be a causative factor and because
removing it permits more complete venolysis of the subcla-
vian vein.
We use the infraclavicular route for first rib resection
when venous reconstruction may also be necessary. This
approach provides good access to the anterior end of the rib
and its ligaments. However, retracting the subclavian vein
to gain access to the rest of the rib in some patients is more
difficult infraclavicularly than through the axilla. We have
found the transaxillary route provides an easier way to lift
the vein off the rib and permits better exposure of the
posterior rib. We also find that in some young women, thescar from an axillary incisionmay bemore appealing than an
infraclavicular incision.
Because transaxillary first rib resection also includes
scalenotomy, the significant symptoms of neurogenic TOS
seen in most of these patients have usually been effectively
treated by transaxillary rib resection. Some surgeons have
combined transaxillary or infraclavicular incisions with a
supraclavicular incision to achieve a more complete scale-
nectomy. To date, we have not found this necessary in this
group of patients, although one patient appears to be
developing mild symptoms of neurogenic TOS 18 months
postoperatively. This is probably from scalene muscle scar-
ring over the brachial plexus. Unfortunately, even when
supraclavicular scalenectomy accompanies transaxillary first
rib resection, neurogenic symptoms can still recur as a result
of postoperative scarring.
The phrenic nerve usually passes posterior to the sub-
clavian vein close to its junction with the innominate vein;
therefore, the surgeon should be aware of this nerve when
venolysis of the proximal portion of subclavian vein is being
completed. When exposure is difficult, the use of a nerve
stimulator to identify the nerve can be helpful. If the nerve
is bruised or retracted, temporary paresis can develop, as
occurred in two of our patients.
Although angioplasty was not used in any of our pa-
tients, it should be considered to treat residual stenosis in
postoperative patients who continue to have arm swelling
and demonstrate residual stenosis. Angioplasty should not
be used prior to surgical correction of the extrinsic venous
compression because angioplasty in this setting is not suc-
cessful and can cause thrombosis by traumatizing the ve-
nous intima.12
CONCLUSIONS
1. Unilateral arm swelling without thrombosis, when not
caused by lymphatic obstruction, may be due to subcla-
vian vein compression at the costoclavicular ligament
because of compression by either that ligament or the
subclavius tendon. The most common cause is congen-
ital close proximity of the vein to the ligament.
2. Excessive use of the arm overhead is a major contribut-
ing factor.
3. Arm symptoms of neurogenic TOS, pain, and paresthe-
sia usually accompany venous TOS, whereas neck pain
and headache, other common symptoms of neurogenic
TOS, are infrequent.
4. Dynamic venography, not duplex scan, is the most
reliable diagnostic test.
5. First rib resection, to include the anterior portion of rib
and cartilage plus division of the costoclavicular liga-
ment and subclavius tendon, is the treatment of choice.
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